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ABSTRACT. The blood lead levels of a large number of
US preschool children approach the value regarded as
img 2, . - the upper limit of normal To reduce the number of
= - children whose levels increase into the range thought to
. be toxic, the antecedents and correlates of levels in the
-2 . 0- to 25-ug/dL range must be identified. In a large lon-
gitudinal study. of middle and upper-middle class children
o - living in metropolitan Boston, we evaluated how well five
_ sets of variables predicted children’s blood lead levels at
.- % ~. 2 years of age: environmental lead sources, mouthing
- activity, home environment/care giving, prior develop-
/-7 . mental status, and sociodemographic characteristics. A
- series of bivariate and muitivariate analyses indicated
i that only environmental lead sources and, to a lesser
“. . extent, mouthing activity accounted for/significant por-
‘2T tions of the variance in blood lead levels. Environmental
""F ~~ _lead sources were not significantly related to the home
7L - environment/care-giving variables or to sociodemo-
NI graphic characteristics. The most promising approach for
. .w—. Achieving community-wide reductions in children’s blood
- lead levels is reduction in the amount of lead in the
- proximate environment. Pediatrics 1986;77:826-833; lead
i e €XpOSUTe, child development, hand-to-mouth activity,
™z . home environment.
- )
@&tw_‘z —.
'L'l; " 7" The maximum acccpublo blood lead lml for
== young children has been lowered three times since
T 19717 As a result, the difference between the
TosE average level of general community exposure and
P the level considered to be the upper limit of the
0 “safe” range has become progressively smaller. At
e present, the hlood lead level of US children 6
months to 5 years of age is 16 ug/dL* and is within
T approximately .5 SD of 25 ug/dL, the current defi-
P ]
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nition of an “elevated” level.’ Shifting the distri-
bution of population blood lead levels toward lower
values would reduce the number of children whose
levels increase into the clearly toxic range. If efforts
to effect such a change are to be targeted most
effectively, the correlates of blood lead levels in the
range of 0 to 25 ug/dL must be identified. Recent
evidence that blood lead levels below 25 ug/dL are
associated with a variety of unfavorable hemato-
logic,” electrophysiologic,® and cognitive™ out-
comes in children provxdes additional impetus to
pursue this issue.

Factors that have been associated with childhood
lead toxicity include elevated lead concentrations
in various environmental sources,’'® maternal psy-
chopathology and inadequate care giving,'!-'* social
disadvantage,'’® and abnormal hand-to-mouth ac-
tivity.'® The generality of these findings is limited
by two characteristics of the studies on which they
are based. First, most were conducted on samples
of children with clinical lead poisoning or moderate
blood lead elevations (ie, >30 ng/dL). The corre-
lates of the lower lead levels more representative of
community exposure might not be the same as the
correlates of levels that bring children to medical
attention. Second, individual studies have tended
to focus on one or two specific classes of predictors
rather than on a broad range of possibilities. Sub-
stantial correlations among antecedents and cor-
relates require that the association between any
single risk factor and blood lead level be adjusted
for these covariates.

We address these issues in this study and evalu-
ate the contribution of environmental lead concen-
trations, children's mouthing behavior, maternal
care taking, children’s developmental status, and
family sociodemographic characteristics to the rel-
atively low (ie, <25 ug/dl) blood lead levels of a
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thumb/finger sucking. THe second composite con-
-sisted of the fdur variables pertaining to children’s
"Ihouthing of toys and other nonself objects.

‘i Gallacher &Y al'® have suggested that children’s
“mouthing iy, associated with elevated blood lead

< levels only<when environmestal lead concentra-

y

* larly ' mat¥rnal - EGaiTabING;

tions are high: To explore this hypothesis. interac-

" tion terms combining a child’$¥score on the house-
«*"-.¢ dust lead composité and hig orfher score on each of

"the two mouthing composhés"vem included in the
analyses..

Set 3: Home Envzronment/Qare-Gwmg Style (Six
Vanables). We inchided six'psychosncial variables
Jadged pertirient tG a test oﬁh{hypothesxs that the
' Blood:fead fevels- of the- chxﬁfre in our sample vary
Fhversely with the adbgua o care giving, partic-
and responsiveness.
Phese ‘incifléd t#F0 stale schres from the Home
Observatio for Mzasurement of the Environ-
thent™: Scie'] ( “Emotxonaal ar;d Verbal Responsiv-
#yofthe M%ther") and Sca'.Ie V (“Maternal Involve-
‘thent Wx tbe Cln}]d" ]1). The other four
‘seores we obtaines rom ‘the Nursing Child As-
'sessment® oachmg Scales ’  administered at 18
‘honths o? : Scale I"(t!}e other's sensitivity to
ther child’ . X es), scale LI (thp extent to which her
Yeaching * stye fosters a child’s social-emotional
‘$rowth], and scale [V (the extent to which her style
fosters a c}uld’s cognitive growth). Due to the
<hild’s lagkﬂqf cooperation.sthese data could not be
.obtained fgg,25 mother-infamd pairs. To avoid ex-
c!udmg ;}x‘?u dyads«fmpb.the analyses, we con-

ructe<§ dummy” variehie.coding the availability
of these ga(“no" a4 gy’ 1),
7 Set 4: hijd-Developunerces Status (One Variable).

1Blood lead slavationswnightibe associated with cog-
ditive orwgouonaLhandlups not because lead
tauses themibut becauss cHikdben with these prob-
Jems engagedm behavisfFsikhtas pica that produce
[Bxcess exposire to ledMIITH determine whether
‘Gevelopmcﬂ statul Si# aBbciated with a child’s
Yubsequent YRibd i¢#@ NP wh included as a pre-
'Qictor the el of t Development Index
°§cores achivhel at agés' T¥%hd 24 months.
i Set 5; smmrmu!‘hmn (Nine Variables).
‘A variety of flthily-c have been linked
to blood lead@fevations’H Children. In contrast to
‘the vambles’{léeu 1, 2\“@ 3, these variables are
"more likely to'Serve as mar%en of factors that more
“directly influénca chlldreﬁ,’:; expoaure to lead. The
variables inclded in’ this set. were family social

 ‘class (Holhngﬁ)ead sJFour;factor Index), parental

....*-
-
4

}mm.al status® (unmarned‘ 0;. married = 1), ma-
ternal and pltemal edycation (Hollingshead's
'mhtmg). matdrnal i mullﬁnce. number of chil-
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dren in the family, birth order of the index child,
and family stress at 18 and 24 months.™

Statisticai Methods

Four types of analyses are reported.

Bivariate Correlations Between the 23 Predictors
and pb24.

Separate Multiple Regressions of pb24 on the Five
Variable Sets. In these analyses, each set was con-
sidered individually, with no adjustment made for
the association between infants’ blood lead levels
and the other variable sets.

Multiple Regression Analyses of pb24 Inuvolving
More Than One Variable Set. In these analyses, the
variable sets were considered sequentially, in the
order in which they are described in the previous
section. This ranking is based on the relevance of
the sets to children’s day-to-day exposure to lead.
The set pertaining to the lead content of various
environmental sources is ranked first because a
child living in a relatively lead-free environment is
unlikely to accumulate a significant lead burden
regardless of how much mouthing he does, how
attentive and responsive his mother is, or his fam-
ily’s socioeconomic standing. Similarly, amount of
mouthing activity is more likely to be a direct
determinant of children's lead exposure than is
maternal care-giving style or the children’s ovemll
developmental status,

We explored two approaches to the multxple
regression analyses in which more than one variabl

set was considered. (1) Nested regressions. Ph24—

was regressed on variable set 1, then variable sets
1 and 2 combined, then sets 1, 2, and 3 combined,
and so on until all five sets were included as predic-
tors. At any step in the sequence, all predictors
included in the equation competed directly with one
another in a simultaneous regression analysis. (2)
Hierarchical regressions. This series of anaiyses
resembled the nested regressions except that, at
any given step, the contributions of variables en-
tered at an early stage of the analysis were not
reevaluated in light of the contributions of variables
entered at later stages. Rather, the dependent var-
iable was the portion of pb24 not accounted for by
all prior variable sets. For instance, the variance in
pb24 not related to variable set 1 was regressed on
variable set 2. The residuals from that analysis were
regressed on variable set 3, and so on. Thus, at each
stage, pb24 was adjusted for ail prior variable sets.

Canonical Correlation Analyses of the Relation-
ships Among Variable Sets. Specific hypotheses that
have been advanced regarding the causal relation-
ships among the different variable sets were consid-
ered. For instance, unfavorable care-giving ptac-
tices (variable set 3) are thought to produce abet-




TABLE 2. Multiple Regression of Blood Lead Level at 2 Years of Age on Individual
Variable Sets

Y

]

Variable Set Parameter SE P Model P Model N
Estimate F R?
Environmental lead
. Month of biood sample collection .24 .13 066 )
Recent refinishing activity 34 11 002 1753 0001 229 181 .
Dust lead content 21 .04 0001 4
Mouthing activity
Finger/thuinb sucking A1 .04 .002 ]
Toy mouthing 03 05 51 2.62 .037 55 185
Finger/thumb sucking x dust -01 .03 .77 L
lead
Toy mouthing x dust lead -01 03 .85
Home environment/care-giving
style
Home Observation for Measure-
ment of the Environment
Scale 1 -05 05 .29
Scale 5 10 .04 017 .
Nursing Child Assessment
Teaching Scales
Scale 1 -04 .06 .45 1.23 .29 39 187 4
Scale 3 .02 05 .12
Scale 4 -01 02 .78 : 1
Dummy variable 39 57 .49
Child developmental status: Mental 002 .004 .64 0.22 .64 0.1 188 1
* Development Index
Sociodemographic characteristics 1
Family social class 06 06 .28 1
Maternal education -.02 03 .34
Paternal education 003 .03 92 .
Maternal intelligence 004 .005 .34 091 .52 47 175 ;
Parental marital status .33 38 .39
No. of children in family .02 16 .90
Birth order of index chiid -.05 17 .17 - :
Family stress
18 mo 07 05 .15
24 mo -.06 05 .24
The contribution of month of sampling to the  sets failed to fit the patterns observed in children
regression equation decreased slightly but progres-  with higher blood lead levels. In canonical correla-
sively as additional sets of variables were added.  tion analysis, variable weights are assigned in such
This raises the possibility that a small part of its  a way that the multiple correlation between sets of
predictive value was shared by other variables. variables is maximized. Despite this, neither the
The toy-mouthing variable hovered near the  association between environmental lead and home
nominal significance level and appears to convey  environment/care giving nor the association be-
predictive information not possessed by the thumb/  tween environmental lead and sociodemographic i
finger sucking variable. Among the 16 variables in  factors was statistically significant (Table 4). This )
sets 3, 4, and 5, only HOME scale 5 consistently  suggests that the set of environmental lead varia- i
contributed to the regression equation. bles carries minimal information about these psy-
Hierarchical Regressions. These analyses, in  chosocial characteristics. i
which pb24 was adjusted for all preceding sets prior Children’s mouthing activity was not signifi- ,
to assessing its association with any individual set,  cantly related to either of the variable sets contain- '
suggested the same conclusions as the nested ing features of the psychosocial environment. On
regression analyses. Only set 2, the mouthing vari-  the other hand, greater amounts of mouthing were

ables, produced even a marginally significant im-
provement in the predictive power of set 1.

Canonical Correlation Analyses

associated with lower mean Mental Development
Index scores. The strong relationships among home
environment/care giving, child development, and
sociodemographic factors are consistent with other
studies of the correlates of early infant develop-
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Pica tvpically refers to excessive mouthing or
ingestion of nonfood items and is almost always
present in cases of lead poisoning. For no child in
our sample was mouthing behavior so extreme as
to warrant application of this clinical term. Never-
theless, every variations within the normal range of
mouthing activity were associated with children’s
blood lead levels. The mouthing activity most
strongly related to blood lead level was thumb/
finger sucking, although the contribution of toy
mouthing approached statistical significance. The
interaction factors combining housedust lead con-
tent and mouthing activity were not significant
predictors, even when dust lead content, a strong
predictor of pb24 as a single factor item, was not in
the regression equation. Thumb/finger sucking ap-
pears to provide information even when dust lead
content is in the equation. We interpret these find-
ings as evidence of a dust lead content effect, re-
gardless of a child’s tendency to engage in hand-to-
mouth activity. Similarly, increased amount of such
activity is associated with higher blood lead levels
even when dust lead levels are relatively low.

The developmental environments of the children
with higher blood lead levels were not characterized
by the care-giving inadequacies and the sociode-
mographic disadvantage common among children
suffering clinical lead intoxication. Children in
families experiencing higher levels of stress in the
6 to 12 months preceding blood sampling tended to
have higher blood lead levels, but this association
was not significant after blood lead levels were
adjusted for other variables. The finding that scores
indicating greater maternal involvement with the
child (scale 5 of the HOME) were significantly
associated with higher blood lead values stands in
marked contrast to a large literature attesting that
the risk of increased lead exposure is higher among
children with less favorable care giving. The two
variable sets associated with children’s blood lead
levels, environmental lead sources and mouthing

- activity, were not significantly related to quality of

home-rearing environment or to sociodemographic
characteristics. Despite the relative homogeneity of
our sample in terms of socioeconomic standing,
there was sufficient variability in care-giving qual-
ity and sociodemographic status to produce strong
associations between these factors and the chil-
dren’s performance on the Bayley Scales. However,
these variations were not related to the amount of
lead in the children’s immediate environments.
Several case-control studies of clinical popula-
tions have suggested that developmentally handi-
capped children are more prone than their peers to
acquire toxic levels of lead,** prompting specula-
tion that this model might account for the increased

LOW-LEVEL LEAD EXPOSURE
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incidence of higher lead leveis among children man-
ifesting more subtle deficiz. In our sample, chil-
dren’s Mental Development Index scores failed to
predict later blood lead levels, suggesting that de-
velopmental scores in the lower portion of the nor
mal range do not increase the likelihood of in-~
creased lead exposure, at least within the second
year of life.

The mouthing variable set was significantly cor-
related with the composite variable reflecting de-
velopmental scores at 18 and 24 months. Several
interpretations are possible. Mouthing could be an
indicator of lower developmental scores and, there-
fore, an expression of imma.uiity. Another inter-
pretation is that mouthing contributes to less op-
timal development via a lead effect or some other
mechanism. When the interaction terms (dust lead
content X thumb/finger sucking; dust lead content
X toy mouthing) are excluded, the mouthing vari-
able set is significantly correlated with the socio-
demographic set. _

Our findings should be considered in light of the
characteristics of our subjects and their primary
routes of exposure. Not only is our sample relatively
homogeneous, but it is skewed to the upper end of
the socioeconomic spectrum, consisting largely of
families in which mothers are white, married, and
relatively well educated. This reflects the catch-,
ment of the hospital whose delivery population we
sampled, as well as our selection criteria, and the
socioeconomic bias in loss-to-follow-up. The pre-
dictive power of certain variables may differ across
geographic or cultural settings.

In general, the rearing environments of the chil-
dren in our sample satisfy any reasonable standard
of quality. The children's lead exposure may be
regarded as a baseline, the more or less inevitable
level of exposure that children experience by virtue
of residence in a present-day metropolitan environ-
ment. Poor care giving or other risk factors associ-
ated with poverty might add to this baseline level
of exposure, in some cases pushing a child’s blood
lead level into the clearly toxic range. For children
who.do become clinically ill, psychosocial interven-
tion, as a component of the overall medical and
environmental management plan, may reduce the
likelihood of repeated intoxication. However, psy-
chosocial factors appear relatively unimportant as
determinants of variations in the levels typical of
community exposure. The most promising strategy
for achieving community-wide reductions in chil-
dren’s blood lead levels appears to be abatement of
the lead sources themselves.
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